in producing potent, metabolically stable and bioavailable compounds in many research programs 4 . Numerous 1,2,4-oxadiazoles have been suggested as potential agonists for cortical muscarinic, 5-hydroxytryptamine receptors 5 and benzodiazepine 6 . They show activity as antirhinoviral agents, growth hormone secretagogues 7 , anti-inflammatory agents 8 and antitumor agents 9 . They also inhibit the monoamine oxidase 10 , human nuetrophil elastase 11 , and human DNA topoisomerases 12 . Finally, tropane derivatives of 1,2,4-oxadiazoles display high affinity for the cocaine binding site of the dopamine transporter 13 .
The prototropic tautomerisation and intramolecular proton transfer of the keto-enol reactions of heterocyclic systems with several basic centers, O, N and S atoms, are of great interest to medicinal and biochemical applications. Also, understanding of the relative stabilities of heterocyclic tautomers and any subsequent conversions between tautomeric forms is very vital for both structural chemists and biologists 14 . Along this line, relative stabilities of various tautomeric structures of five-, six-(oxo and thioxo groups in positions 2 and 4 respectively) and sevenmembered heterocyclic rings (oxo and thioxo groups in positions 3 and 5 respectively) were investigated using both theoretical and experimental tools [15] [16] [17] [18] [19] . Both tools indicate that in these compounds the thioxo, dioxo or dithio tautomer is most stable.
The chemistry of 1,2,4-Oxadiazole is well known. One can find them as structural units in many compounds with applications in medicinal chemistry, photochemistry and biochemistry. Also their Tautomerism of five-membered heterocycles is important for pharmacy. The aim of this study is systematic investigation of substituent and solvent effect and its influence on tautomerism of the C5-substituted 3-hydroxy-1,2,4-Oxadiazoles.
Computational methods
All these calculations were carried out on a Pentium V personal computer by means of GAUSSIAN03 program package 20 and for our computations. First, all compound's structures were drawn using Gauss View 03 21 . To characterize all the optimized geometries the vibrational frequencies for all the conformers have been done at B 3 LYP levels. The stationary structures are confirmed by ascertaining that all ground states have only real frequencies. The tautomers were also optimized in solvents according to the polarisable continuum method of Tomasi and co-workers, which exploits the generating polyhedra procedure [22] [23] [24] [25] to build the cavity in the polarisable continuum medium, where the solute is accommodated. Atomic charges in all the structures were obtained using the Natural Population Analysis (NPA) method within the Natural Bond Orbital (NBO) approach 26 .
RESULTS AND DISCUSSION Gas phase
Structures and numbering of 3-Hydroxy-1,2,4-Oxadiazole derivatives are depicted in Scheme 1 and the results of energy comparisons of two tautomers in the gas phase and different solvents are given in Table 1 . In the gas phase when the subsistents change from withdrawing groups to electron donating groups NH forms are more stable than OH but we can see an exception in F subsistent because it can be a resonance donating group. The major difference between OH and NH form in gas phase was found for 5-triflouromethyl-3-Hydroxy-1,2,4-Oxadiazole with 3.43 kcal mol -1 . The order of stability of OH tautomer over NH tautomer in the gas phase is 2 > 4 > 5 > 1 > 3 >7 > 6. This indicates that the stability of the tautomers relate to the nature of substituents.
The optimized parameters of all structures are listed in Table 2 . Important aspects of molecular structure can be observed in Table 2 . The N2=C3 bond length, reported in the first row of table, lies in the range of 1.30-1.31 Å in OH tautomers. The N2=C3 bond length decreases with the increase of The N4=C5 bond length lies in the range of 1.28-1.31 Å in OH tautomers and 1.27-1.29 Å in NH tautomers. The N4=C5 bond length in both of tautomers increase in the present of electron donating groups. Next five rows of Table 2 consist of C3=O6, C3-O6, N2-C3, N2-H7 and O6-H7 bond lengths.
The calculated dipole moments for the tautomers are presented in Table 3 . It is notable that dipole moments significantly relate to the nature of substituents at the 5th position. In the both the tautomers, electron withdrawing derivatives have smaller dipole moments than electron releasing ones. This maybe explained by consideration of charge values on atoms of 1,2,4-Oxadiazole ring. It is well known that in OH and NH tautomers N4 atom carries the most negative charge. The OH isomer of 5-CF3 derivative has the least charge density on N4 but NH isomer of 5-NO 2 derivative has the least charge density on N4. It is noticeable that the differences between dipole moments of OH and NH forms are related to nature of substituents. For example for methyl and amine derivatives difference between dipole moment of OH and NH is 1.34 and 1.37 D but for NO 2 and CF 3 the values are 0.757 and 0.968 D respectively.
The calculated values NBO charges using the Natural Population Analysis (NPA) of optimized structures of 3-Hydroxy-1,2,4-Oxadiazole derivatives are listed in Table 4 . As it was noticed previously, 3-Hydroxy-1,2,4-Oxadiazole's nitrogen and oxygen atom at position 1, 2 or 4 carry the largest negative charge and these positions will most effectively interact with electrophiles. However N2 atoms of NH tautomers have higher charge compare with N2 atoms of OH tautomers. There is no uniform trend for the variation of charges to relate to the different substituents of 3-Hydroxy-1,2,4-Oxadiazole in the gas phase, Table 4 .
Five important vibrational frequencies of all structures are listed in Table 5 . In the first row, N1-H7 frequency (this frequency only exists in tautomer NH). Next row of Table 5 consists of O6-H7. In three last rows, N2=C3, C3=O6 and N4=C5 frequencies are shown.
Solvent effects
Solvent effects are relevant in tautomer stability phenomena, since polarity differences among tautomers can induce significant changes in their relative energies in solution. We decided to use of PCM/B3LYP calculations to analyze the solvent effects on tautomerism of -Hydroxy-1,2,4-Oxadiazole derivatives. It is important to stress that the PCM model does not consider the presence of explicit solvent molecules; hence specific solutesolvent interactions are not described and the calculated solvation effects arise only from mutual solute-solvent electrostatic polarization. The data presented in Table 1 show that polar solvents increase the stability of all 3-Hydroxy-1,2,4-Oxadiazole in compare to gas phase. The difference between the total energies of OH and NH with electron withdrawing and electron donating substituents do not show a regular trend when changing from gas phase to most polar solvents (water). Finally, the charges's sign is reversed with NH tautomer becoming more stable than OH isomer except for NO2 group in water. For example, the differences of energy between OH and NH form of 5-methyl tetrazole are -0.59 and +1.21 kcal mol -1 in the gas phase and in water, respectively. The solvent interactions have pronounced effect on the order of stability of the tautomers in the gas phase. For example, in benzene with low dielectric constant, order of stabilities of OH over NH form are 2 > 4 > 5 > 3 > 1 >6 > 7 but in water the order is 1 > 2 > 4 > 5 > 3 > 6 > 7 (compounds 1 and Table. Table 3 .
In addition, for the electron withdrawing substituents, the differences between the dipole moments in solvents (with high dielectric constants) and the gas phase are smaller than the electron donating groups. Therefore, the increase stability of NH tautomers with electron releasing groups in polar solvents could be related to the increase of dipole moments of NH forms over OH forms. The charge distributions of dipolar compounds are often altered significantly in the presence of a solvent reaction field [27] . We have examined the charge distribution of tautomers in the solvent as well as gas phase by using calculated NBO charges. The charge distribution in solvents with increase of polarity differently varies for any atoms. For example, a regular decrease of negative charge was found for N4 atom in OH forms of compound 1 when passing from gas phase to more polar solvent water, but for the NH form an increase of negative charge was obtained. In N2 position the negative charge of NH isomers in compound 1 and 2 from gas phase to polar solvents decrease but in compound 6 and 7 increased drastically. When passing from gas phase to polar solvents a regular increase of negative charge in the N4 position in NH tautomer was found. Charge on Carbon atom does not show any relationship to the nature of substituent, however, with the increase of polarity a regular increase of positive charge was observed for OH and NH derivatives. For example, in 5-NO 2 derivative in NH tautomer the charge on carbon was found 0.665, 0.681, 0.692, 0.693, and 0.695 for the gas phase, benzene, Acetone, methanol and water, respectively.
CONCLUSIONS
In this work, DFT calculation has been applied to study of tautomerism in 3-Hydroxy-1,2,4-Oxadiazole with deferent subsistents in position 5 in the gas phase and four solvent. The following points emerge from the present study:
1.
In the gas phase the stability of the tautomers relate to the nature of substituents in compound 6 and 7 with strong electron releasing groups the NH was very more stable than OH tautomer. In the solution and with increase of polarity; NH isomers were more stable. With increase of polarity total energy of all compounds were more negative.
2.
The dipole moments of all compounds are affected by solvent. With increase of the polarity of solvents the dipole moments of OH and NH tautomers were increased.
3.
The charges on all five positions were affected by substituents and solvents. The net charge on compounds with electron with drawing substituents are less than electron releasing groups. In addition with increase of dielectric constant a regular variation was found.
